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3 MATERIALS AND METHODS 
 
3.1 Overview 
During a fermentation process, the basic steps included are substrate preparation, 
inoculum preparation, experimental setup and the analysis of sample. This chapter 
describes in details all the mentioned steps during the production of FA from FPOPF 
using mixed culture. 
3.2 Raw Materials and Chemicals 
The OPF was obtained from one of the palm oil plantation located at Lepar 
Hilir. These OPF were squeezed and pressed first for their juice and sap, however only 
the fiber from the pressing process was used for this study. The fiber-pressed oil palm 
frond (FPOPF) were kept in freezer for storage purposes. 
 
As for the preparation of standard calibration curve, 99% FA was purchased 
from Sigma Aldrich (Malaysia). For the mobile phase in HPLC (high performance 
liquid chromatography) analysis, the Acetonitrile HPLC grade purchased from Fisher 
Scientific (Malaysia) was used. 
3.3 Inoculum Preparation 
The acclimatized FPOPF soil culture was used as the inoculum in this 
experiment. First of all, the slurry mixture of FPOPF and water were frozen in small 
packets of 60mL volume. These packets were ready to be thawed and poured into the 
bioreactor. The calculation of FPOPF and soil used can be referred as below.  
 
Calculation of FPOPF and soil used:- 
                    
              
       
 
                      
Hence; 
                          
a. It is discovered that at 1:10 ratio of FPOPF weight to water volume, FPOPF mixture 
is in slurry condition. 
 
b. 360 g FPOPF and 3600 mL water were mixed together. The mixture was stirred to 
achieve well mix condition. 
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c. The mixture was poured into small seal plastic bags of 60 mL volume. Two of these 
packets will be poured into the bioreactor on a daily basis for 30 days. 
Then the acclimatization was done by mixing the soil of the oil palm tree with the small 
packets of FPOPF in a reactor. The acclimatization took 30 days at ambient temperature 
before it is ready to be used as inoculum (Kushairi & Zainol, 2011). Detailed 
preparation of the inoculum can be referred to Appendix A. 
3.4 Substrate Preparation 
As for the substrate, a mixture of FPOPF and distilled water at the ratio of 1:10 
was used. 10 g of FPOPF is added with 100 mL of distilled water. The FPOPF and 
distilled water were mixed during experimental setup (Kushairi & Zainol, 2011). 
3.5 Experimental Setup 
The parameters that will be manipulated in this experiment were determined. 
Those parameters were pH value (pH 5 to pH 9), temperature (26°C to 40°C), 
fermentation time (1 to 3 days), agitation (with 150 rpm agitation and without agitation) 
and substrate-to-inoculum ratio (2%-10%). After the identification of the parameters, all 
the parameters were tabulated into standard runs using Design Expert software. 
The inoculum and substrate were mixed together in a 250 mL conical flask. The 
ratio of the inoculum to substrate, temperature, agitation, pH value and other factors 
were all based on the standard runs exhibit by the Design Expert software as shown by 
table 3.1. The conical flasks were then incubated in the incubator shaker (Jamal et al., 
2011). 
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Table 3: Experimental Design Layout using 25 Fractional Factorial Design with Response 
Run 
 
Temperature 
(°C) 
pH 
 
Agitation 
(rpm) 
Time 
(day) 
Inoculum 
Percentage 
% 
1 26 9 0 3 10 
2 40 5 0 1 2 
3 26 5 150 3 10 
4 26 5 0 1 10 
5 40 9 150 1 2 
6 26 5 0 3 2 
7 40 9 0 3 2 
8 26 9 0 1 2 
9 40 5 150 1 10 
10 40 5 0 3 10 
11 26 5 150 1 2 
12 40 9 150 3 10 
13 26 9 150 1 10 
14 26 9 150 3 2 
15 40 9 0 1 10 
16 40 5 150 3 2 
 
 
3.6 HPLC Analysis 
The detection for the presence of FA was done for the fermented liquid by using 
a Waters (Milford, MA, USA) HPLC chromatography. The HPLC chomatograph was 
equipped with a 600-MS controller, a 717 plus autosampler and a 996 photodiode-array 
detector. A gradient of solvent A (water–acetic acid, 98:2, v/v) and solvent B (water–
acetonitrile–acetic acid, 78:20:2, v/v/v) applied to a reversed-phase Nova-pack C18 
column (30 cm × 3.9mm i.d.) as follows: 0–55 min, 80% B linear, 1.1 ml/min; 55–57 
min, 90% B linear, 1.2 ml/min; 57–70 min, 90% B isocratic, 1.2 ml/min; 70–80 min, 
95% B linear, 1.2 ml/min; 80–90 min, 100% B linear, 1.2 ml/min; 90–120 min, washing 
and re-equilibration of the column (Hernanz et al., 2001). 
 
Before running the detection for the sample, detection was done for pure FA 
solution to obtain the standard chromatogram for FA. Then detection was performed by 
scanning the sample at 280nm. Identification of chromatographic peaks was carried out 
by comparing the chromatogram obtained to those of standards. Quantification of total 
FA is carried out by area measurements at 280 nm (Jamal et al., 2011). 
